The wise use of wetlands is expected to contribute to ecological integrity, as well as to secure livelihoods, especially of communities dependent on their ecosystem services for sustenance. This paper provides a conceptual framework capable of examining the goals of wetland management, poverty reduction and sustainable livelihoods. The framework highlights ecological character as a social construct and, with the notion of wetlands as settings for human well-being, builds a concept for assessing the inter-linkages between ecosystem services and livelihoods. The value and broader applicability of our framework is then tested by applying it to a case study from India (Lake Chilika) to evaluate the degree to which the mutual goals of improving both human well-being and the ecological character of wetlands have been achieved. The case study maps changes in human well-being induced in the basin communities due to external vulnerability contexts, institutions and freedoms. It further assesses the response strategies in terms of their impacts on ecological character and poverty status.
INTRODUCTION
The poverty reduction and biodiversity linkage within the international development agenda seeks to achieve simultaneous positive conservation and development outcomes. The tension between these potentially competing objectives within development programmes (see Adams et al. 2004 , Roe 2008 , Miller et al. 2010 is demonstrated by an uncertain record of success (see Agrawal and Redford 2006 , Redford and Fearn 2007 , Sunderland et al. 2008 , Tallis et al. 2008 . Although a galvanized international community has nearly achieved the 50% extreme poverty reduction target (58%: UN 2010) measured as income, poverty is a reality that still affects a large percentage of the world's people and nations. It overlaps with regions of high biodiversity richness and potential loss (Sanderson and Redford 2003 , Redford and Fearn 2007 , Sachs et al. 2009 ), particularly in sub-Saharan Africa and South Asia (UNDP 2010) , and occurs as ecosystems continue to decline (MEA 2005b , 2005c , EC 2008 , UN 2010 , Butchard et al. 2010a , 2010b , Vörösmarty et al. 2010 .
Poverty is however much more than inadequate income: it is complex and multidimensional. The World Bank (2001) describes poverty as "... affecting people, encompassing inability to satisfy basic needs, lack of control over resources, lack of education and skills, poor health, malnutrition, lack of shelter, poor access to water and sanitation, vulnerability to shocks, violence and crime, lack of political freedom and voice." The World Development Report (World Bank 2001b) characterizes poverty as "the pronounced deprivation of well-being". Poverty is also considered dynamic, with some people remaining in a state of chronic poverty over time, while others experience a more transient state and move in and out of poverty. Indeed, the phenomenon is value laden and context specific.
An estimated one third of the human population in 104 developing countries are multi-dimensionally poor with serious deprivations in the dimensions of health, education and living standards (UNDP 2010) . Compounding inadequate income, the world's poor are predominantly rural (Ravallion et al. 2007a (Ravallion et al. , 2007b and their survival depends disproportionately upon local ecosystems (CBD 2010 , World Resources Institute 2005 . Subsistence farmers, fishermen, the rural poor and traditional societies face the most serious risks from ecosystem degradation (EC 2008) . Unsafe water, inadequate sanitation and insufficient hygiene are important factors contributing to poor health (WHO 2010 , Wetlands International 2009 . In both rural and urban areas, the poor are likely to suffer most when the availability and quality of water and food are reduced, whether due to failures in infrastructure and trade networks or to the demise of wetlands (MEA 2005d) . The declining condition of wetlands has placed their ecosystem services and the people who depend on them at increasing risk (MEA 2005d) .
The MEA explicitly recognizes that people are integral parts of ecosystems, a dynamic interaction exists between them and other parts of ecosystems, and that changes in the benefits they provide to people (ecosystem services) influence human wellbeing (MEA 2005a) . Within the development community there has begun a shift towards recognition and promotion of inherent trade-offs in the delivery of ecosystems services as a mechanism of poverty reduction to achieve Millennium Development Goals (Tallis et al. 2008 , McShane et al. 2010 , Miller et al. 2010 , Robinson 2010 .
The central role played by water in the destiny of people and their well-being necessitates a focus on inland freshwater and coastal wetlands, as these ecosystems are increasingly being "re-valued" as providers of essential ecosystem services (EC 2010) . Wetlands have been proposed as the "settings" for people's health, the context in which people live and derive their livelihoods (Horwitz and Finlayson 2011) . The loss and degradation of wetland ecosystem services harms the health and wellbeing of individuals and local communities, and diminishes development prospects for all nations (MEA 2005d) . Indeed, the International Convention on Wetlands (hereafter referred to as the Ramsar Convention) adopted Resolution IX.14 on Wetlands and Poverty Reduction (Ramsar 2005a ) and the subsequent Resolution X.28 on Wetlands and Poverty eradication (Ramsar 2008) , recognizing the relevance of wetland conservation and wise use (and thereby the Convention as an instrument) as an important element to achieve internationally agreed development strategies, including human needs and basic rights through anti-poverty and development efforts, and the Millennium Development Goals (UN 2000) .
In this paper, we provide a framework capable of examining the goals of wetland management, poverty reduction and sustainable livelihoods. We review existing treatments in the literature where the focus has been on poverty-environment linkages to identify the elements for the conceptual framework. The utility of the framework is then tested by applying it to a case study from Lake Chilika, India to evaluate the degree to which mutual goals of improving human well-being and the ecological character of wetlands have been achieved.
A WETLANDS PERSPECTIVE

Wetland ecosystems, wise use and ecological character
The focus of wetland conservation in the early 1970s was on conserving habitat for waterfowl and other charismatic wildlife. However, the text of the Ramsar Convention, signed in 1971, included recognition of "the interdependence of man and his environment", and in the succeeding 40 years the convention has increasingly focused on the intrinsic links between wetland ecosystems and wetland dependent people in its strategic planning, Conference of Parties (COP) resolutions and guidance. The Ramsar Convention focus of wetland management has been to ensure "wise use", defined as "the maintenance of ecological character, achieved through the implementation of ecosystem approaches, within the context of sustainable development" (Ramsar 2005b ). The Convention further defines ecological character as the "combination of the ecosystem components, processes and benefits /services that characterise the wetland at a given point in time." Change in ecological character is the human-induced adverse alteration of any ecosystem component, process, and/or ecosystem benefit/service. Conservation and sustainable use of wetlands and their resources for the benefit of humankind therefore form the core of the wise-use principle.
Human societies are fundamentally linked to wetlands, from the core human requirements for water and food, to the choices and trade-offs they make and the governance systems that influence their behaviour in and around wetlands. Central to appreciating wetland-poverty inter-linkages is recognition that humans are part of ecosystems, not separate from them. Wetland ecosystems and the services they provide form an integral part of the livelihood strategy of wetland-dependent communities. Their livelihood systems often involve adapting to the overall ecological character of the wetland so as to optimize livelihood outcomes. Similarly, livelihood strategies of communities living in and around wetlands also influence their ecological character. The existence of poverty, in its various forms, therefore influences, and is influenced by, wetland ecological character. The social, economic and political contexts under which ecosystem services integrate with livelihood assets therefore become important variables in influencing poverty within wetland communities.
Wetland wise use and poverty
Based on the above reasoning, three potential scenarios exist for relationships between wetland wise use and poverty:
-Wise use of wetlands could alleviate poverty (i.e. relieve some of the symptoms of poverty but not transform the poor into non-poor). -Wise use could lift people out of poverty (i.e. reduce poverty to the extent that the poor are transformed into non-poor). -Wise use could prevent people falling, or falling further, into poverty.
The relationship between wise use and poverty can be direct (e.g. wise use of resources that support livelihoods) and indirect (e.g. wise use of wetlands that contributes to climate change mitigation, and thus can improve human well-being). Similarly, degradation of ecological character can have direct relationships with poverty (resource depletion that negatively impacts on livelihoods of local wetland dependent communities), or indirect (pollution that impacts on livelihoods of downstream communities through deterioration of water quality and/or increasing costs of water treatment). However, given the multi-dimensional nature of poverty, achieving a change in poverty status is dependent on several factors that are beyond the domain of ensuring wise use of wetlands, or maintenance and enhancement of ecological character. Therefore, ensuring wise use of wetlands can serve as an important constituent of poverty-related policy making, but seldom the single instrument.
Impact of poverty reduction interventions on wise use
As well as wetland loss and degradation impacting on human well-being, the existence of poverty may lead to interventions that impact on wetlands. These impacts can be direct, such as over-exploitation of a natural resource that reduces livelihood options (e.g. Nowak 2008) , and absence of sanitation that forces people to use wetlands for waste disposal, or indirect, such as destructive catchment agricultural practices leading to changes in wetland sedimentation (e.g. Kgathi et al. 2006) .
Interventions can also occur at a variety of scales:
-Local: poverty of local wetland dependent communities results in unsustainable exploitation, e.g. over fishing in Lake Malawi resulting from poverty of lakeshore communities (Weyl et al. 2010 ). -National: national government efforts to reduce poverty may result in unwise use, e.g. loss and degradation of mangrove forests due to shrimp agriculture expansion in Vietnam driven by efforts to alleviate poverty (Beland et al. 2006 ). -Global: focusing on MDG goals on hunger, poverty and water may result in failure to deliver wetland ecosystem services targets (MEA 2005d).
Where poverty exists, a vicious circle might therefore develop, in which poverty related interventions impact on ecological character to the extent that the potential for wetlands to deliver ecosystem services that help eradicate poverty is degraded or even lost.
Potential scenarios
The impact of conservation/development interventions on wise use (maintaining ecological character) and poverty have a number of potential outcomes. The range of potential scenarios can be conceptualized as the starting point on the poverty/well-being and ecological character axes (Fig. 1 ). The nature of any intervention will depend on the relevant institutional, social, economic and ecological factors at play. Policy changes that bring the communities into the domain of well-being (lifting people out of poverty) and maintain good ecological character provide a win-win situation, and conversely a policy change that triggers changes in ecological character beyond the limit of acceptable change and pushes communities into poverty should be a "no-go" zone. Between these two options are a range of scenarios that deliver one of the two objectives at the cost of other, thereby indicating trade-offs. It is in these zones that systematic assessment of wetland-poverty interlinkages, and developing policy options which ensure optimal achievement of both the objectives become highly relevant.
LESSONS FROM EXISTING POVERTY-ENVIRONMENT FRAMEWORKS
The subject of poverty-environment linkages has been the focus of several assessment frameworks. The purpose of this section is to review these approaches, compare and contrast them, and use this analysis in conjunction with framing of the povertywetland inter-linkages to derive an integrated assessment framework. The review process identified at least eight livelihood, poverty, well-being and natural resources frameworks that bear relevance to the current work. Table 1 presents a summary description of these frameworks that can inform understanding of the poverty-wetland interlinkages. The table does not aim to provide a comprehensive critique of these frameworks, rather it provides an extract of their salient strengths that contribute to understanding of the subject in focus, and also identify inherent weaknesses that build up the case for design of a framework focused on wetlands and poverty. All the frameworks summarized in Table 1 reinforce the idea of a two-way interaction between livelihoods and environment. The frameworks are also adaptable enough to enable a systematic understanding of a precise mechanism to link wetland ecological character and livelihoods and thereby enable wetland managers to have a defined role in design and implementation of poverty-related programmes. They progress from understanding poverty as expressions of vulnerability to exposure to environmental change, to more meaningful expressions of well-being and ecosystem services and how a systems approach can reveal interventions to alleviate poverty.
We note that two specific aspects remain unresolved by these frameworks: (1) the identification of specific interventions for sustainable links between wetland ecosystem services and livelihoods and identification of the scale at which intervention action should take place, and (2) the challenge of providing a structure capable of being used by conservation and development sectors for assessing the ultimate impacts, or outcomes, of relevant actions on human well-being and ecological character of wetlands.
Nevertheless, the frameworks are sufficiently developed for us to be able to derive five broad generalizations that apply to wetland management (Table 1) .
(a) We perceive poverty and well-being as two ends of a multi-dimensional, value-laden and contextspecific spectrum. The dimension of capabilities (ability to achieve livelihood conditions including institutional structures, market forces and other drivers) can be differentiated from one of functioning (livelihood conditions, including different forms of assets and ecosystem services that support these assets). (b) Wetland management can be a process to promote and encourage participation of the poor.
Since the poor share an unequal burden of the impacts of wetland degradation, starting with reduced or impoverished access to water, sanitation and hygiene, wetland management planning can provide a voice and a mechanism for the poor to participate in decision making; indeed, it can provide a forum in which the poor can design their own participation. (c) Sustainability of livelihoods is an important precondition to achieving wise use of wetlands and reciprocities between ecological character and livelihood systems need elevated emphasis in poverty alleviation. (d) A systems approach makes explicit the interconnectedness of wetland ecosystems services and livelihood assets. Institutions and levels of freedom play an important role in defining the capabilities in the form of access, allocation and resource management, and there are critical feedbacks between institutions and the risks that people face in these contexts. (e) Adaptive management of livelihood systems applies across various socio-political, spatial and ecological scales. The drivers and pressures on livelihood systems act at multiple scales, through direct as well as indirect pathways. Therefore, an important consequence for wetland management is the need to recognize these pathways, develop and implement appropriate scaledependent response strategies, and collectively learn from them as a part of adaptive management processes.
CONCEPTUAL FRAMEWORK FOR INTEGRATED ASSESSMENT OF WETLANDS-POVERTY INTERLINKAGES
A general framework for assessing wetlands-poverty interlinkages needs to recognize the trade-offs involved in the transition from a state of ill-being to well-being with an underlying change in ecological character. This requires building on the concepts of equity, sustainability, livelihoods, capability and ecosystem stewardship, along with definitions of ecological character. The assessment framework is presented as Fig. 2 .
Wetlands as settings for livelihood-ecological character interactions
Consistent with the reasoning provided by Horwitz and Finlayson (2011) , the framework emphasizes wetland Looks into different dimensions of poverty such as environmental, social and economic and thus provides a better understanding of the complex "driving" forces and process behind the poverty concept. Provides the basis for systems modelling, as a tool for collaborative planning by families and communities, and for improving cross-cultural communication (see Davies et al. 2008 , Scoones 1998 .
Framework focuses on sustainability in internal dimension, that is the ability of livelihood systems to recover from shocks and stresses, and does not factor in ecological (the impact of livelihood systems on ecosystem services) and social dimensions (the impact on others' livelihoods).
Sustainable Use
Framework (Zacagnini et al. 2001) Assesses the factors that influence the sustainable use of wild living resources.
A resource-centred approach. Four suites of "internal" factors, related to:
(i) natural resources themselves; (ii) the user population; (iii) the institutional, cultural and political conditions in which the use occurs, and (iv) the economic conditions under which the use takes place.
The argument that the way the four suites interact determines the probability of a specific use of natural resources being sustainable.
Not focused on poverty per se, poverty is an external influencing factor.
Biological Diversity, Conservation and
Poverty (Roe 2008 ) The context of this work is the three-way relationship between biodiversity loss, conservation activities and poverty. The studies are based on a critical review of the literature and case studies to examine biodiversity's place within the development agenda.
Redressing the current lack of attention to biodiversity conservation on the development agenda; exposing the protectionist focus of conservation policy;
and being explicit about the activities of big international conservation NGOs, and their impacts on local, and particularly indigenous, communities.
No careful treatment of the different forms of capital, and their relationships to the themes of conservation and poverty.
Wetlands and Poverty
Reduction (Senaratna Sellamuttu et al. 2008 Understand the conditions and methods that support the integration or balancing of ecosystem conservation with poverty reduction through framework and associated matrix. Focuses on the wetland, and its situational attributes (biophysical and ecological; social, human, cultural and political; economic; and policy, institutional and legal) that determine patterns of interactions (e.g. livelihood strategies) to achieve a desired change (through management interventions) that leads to a positive output/outcome (i.e. increases ecosystem conservation and reduces poverty). Feedback adaptive learning from outputs/outcomes to further enhance interventions. Externalities impacting the system from either within or outside the wetland.
Emphasizes the need to view many ecological issues as social challenges for equitable solutions to both wetlands and people. Also highlights the importance of interdisciplinary problem analysis (through understanding a wetland's situational attributes and patterns of interaction) and adaptive learning, whereby interventions (to achieve desired changes) can move from treating symptoms to addressing root causes.
Recognizes but needed to highlight more the importance of systems approaches required to achieve adaptive management.
(Continued) As for SLF, sees the environment as a source of risks and hazards, and seeks to remove them. Four dimensions of a poverty-reduction strategy (enhanced livelihood security; reduced health risks; reduced vulnerability; pro-poor economic growth). The clear recognition that the facilitation of management action to improve ecosystem health will improve the quality of people's lives.
Environment perceived as source of risks and hazards.
Water Poverty (Global Water Partnership 2003)
Poverty reduction through integrated water resources management (flood and drought effects). As for PEP; a paradigm shift in the role of water beyond drinking water supply and sanitation to include land and water management The centrality of access to water, and the burden of water-borne disease, as drivers in poverty and development agendas.
The strength is the weakness-a somewhat single-minded focus on water.
Ecosystem services and human well-being ( General framework for analysing sustainability of socio-ecological systems (Ostrom 2009 ) A general framework is used to identify 10 subsystem variables that affect the likelihood of self-organization in efforts to achieve a sustainable social ecological system. Identification of relevant variables for studying a single focal social-ecological system, enables identification and analysis of relationships among multiple levels at different spatial and temporal scales. Subsystems are resource users, resource systems, governance systems, users, which together interact to produce outcomes (well-being/poverty). The framework provides a systems approach to well-being outcomes that recognizes the influences of interconnectedness and scales on modes of self-organisation.
The focus of the framework is on deriving factors that lead to stability of particular institutional arrangements in a given socio-ecological system component, and therefore does not directly address poverty.
Fig. 2
Framework for assessing wetlands-livelihood interlinkages.
ecosystems and their services as settings determining human health and well-being because they provide (safe) water, nutrition (through fish, agriculture etc.), fibre, fodder, shelter and medicinal products. They are the places where people derive their livelihood and the places that enrich people's lives, enable them to cope and to help others; and they are the places where people might be exposed to diseases, toxicants, psychosocial stressors and physical hazards. Livelihood systems interact with wetlands at multiple spatial and temporal scales, mutually shaping and reinforcing ecosystem services embedded within ecological character, as well as livelihood assets which form the basis of livelihood strategies.
Based on the sustainable livelihoods approaches, a livelihood system can be conceived as based on a set of five broad categories of assets; natural, human, social, financial and physical (DFID 2001) . While ecosystem services of wetlands can be considered to form part of the natural capital, through transforming structures and processes, ecosystem services can contribute to all other forms of capital. An understanding of these interactions helps rationalize the extent to which wetlands can contribute to poverty reduction for a given livelihood system. Maintenance of ecological character forms the basis of continued provision of these ecosystem services. A generic mapping of ecosystem services and livelihood assets is presented in Table 2 .
Linkages with external environment-vulnerability contexts
The assets are linked to an external environment domain, which consists of direct and indirect drivers of change. Operating at multiple scales, and across stakeholders, the indirect drivers may include demographic, economic, socio-political, science and technology, and cultural and religious; wherein the direct drivers include changes in local land use and cover, species introduction or removal, technology adaptation and use, external inputs, harvest and resource consumption, climate change, and other natural, physical and biological drivers (MEA 2005a) . It is recognized that internal environment (for example power relationships) could also be a source of vulnerability. These are considered within the dynamics of livelihood strategies (Section 4.3) and institutions and freedoms (Section 4.4) of this framework.
Livelihood strategies
The capability of the communities to employ livelihood assets, and wetland ecosystem services Other recreation and tourism Supporting Primary production; nutrient cycling Support all ecosystem services and livelihood assets embedded within the capital set, define livelihood strategies. People's access to different levels and combinations of assets is probably the major influence in their choice of livelihood strategies. (Scoones 1998 , DFID 2001 . Livelihood analysis starts from the premise that access to livelihood assets, and therefore well-being outcomes, is likely to be distributed in an unequal way along socio-economic lines. Management interventions for wetlands must also seek to address these inequities.
Institutions and freedoms
The capability to access livelihood assets are influenced by institutional arrangements, formal and informal (referred to as transforming structures and processes in DFID 2001). Inequality in access to resources, often attributed to scarcity, and opportunities of value addition create incentives for powerful groups to gain privileged access by influencing political, economic and social institutions that govern their access, management and use. The ability to create, revise and/or modify institutions is linked to the degrees of freedoms to the community (Ostrom et al. 1999) . The broad six categories of freedoms include (UNEP-IISD 2004):
-participative freedom which allows people to be involved in an active manner without intimidation or fear in deciding issues related to their well-being; -economic facilities enabling people to convert ecosystem services for production/ exchange; -social opportunities as arrangements societies make for education, health and other related sectors in order to allow them to live better lives and be productive members of society, specific reference being made to gender equality; -transparency guarantees, referring to openness and trust; -protective security, creating safety nets against adverse events that make individuals helpless; and -ecological security, referring to minimum levels of ecosystem services required to sustain livelihoods.
These freedoms play an important role in providing space for the poor to define their rights and create institutions to oversee their fair distribution of rights, finally leading to an ability to make their own choices for self determination (Ostrom 1990 ).
Human well-being outcomes
The livelihood strategies finally lead to a livelihood outcomes, or changes in well-being status. A strategy can therefore be leading to a change in poverty status depending on the changes induced in the five broad elements of human well-being, i.e. the necessary material for good life, health, good social relations, security and freedoms and choice. The sustainability of the wetlands-livelihoods inter-linkage could be assessed for a livelihood system in terms of achieving at least three pre-conditions (MEA 2003):
-internal sustainability, wherein it has the ability to cope and recover from stresses and shocks and maintain or enhance its capabilities and assets both now and in future (following DFID 2001); -social sustainability, wherein it enhances or does not diminish the livelihood of others; and -ecological sustainability, wherein it does not deplete or disrupt ecosystem services to the prejudice of livelihoods and well-being of others, now or in the future. Inherent in this definition is the concept of livelihood systems enabling maintenance or enhancement of wetland ecological character and diminishing or degrading wetland ecological character.
APPLYING THE FRAMEWORK TO LAKE CHILIKA, INDIA
The wetland-poverty inter-linkages framework developed in Section 4 of this paper is tested on Lake Chilika, a Ramsar Site located on the east coast of India. The framework is used to conceptualize poverty within wetland-dependant fisher communities in the context of degradation of the ecological character of Chilika. The various components of the framework described in sections 4.1-4.5 are used to assess the nature of the interlinkages and ultimately the impact on the well-being of the dependent communities. In the second part of the framework application, the impact of ecological restoration interventions is assessed on the scenarios framework described in Section 2.4, to determine the extent of change induced in ecological character and poverty status and examine the underlying factors thereof. The overall performance of the framework in terms of its ability to address the wetlands-poverty nexus is discussed in the concluding section, including a discussion of further development opportunities. Historical data pertaining to wetland ecological character and livelihood systems are sourced from various publication and data sets available with the Chilika Development Authority (CDA) and Wetlands International -South Asia (WISA). Impacts of restoration on ecological character have been assessed through the monitoring data sets of the CDA. Assessment of impacts on poverty is based on socioeconomic surveys of fisher communities conducted in pre-and post-intervention periods.
Chilika as a setting for livelihood-ecological character interactions
Lake Chilika (Fig. 3) is the largest coastal lagoon on the east coast of India, varying from a monsoon maximum area of 1165 km 2 to a dry season minimum of 906 km 2 , with a linear axis of 64.3 km and a mean width of 20.1 km (Ghosh and Pattnaik 2005) . The pear-shaped wetland is part of the Mahanadi River basin draining 141 589 km 2 and is separated from the Bay of Bengal by a sandbar (between 0.1 and 1.5 km wide). An outer 32-km channel connects the main lagoon with the Bay of Bengal. Numerous rocky islands of different sizes dot the western and southern margins of the lake. The hydrological regime of the lake is influenced by freshwater inflows from a 4300-km 2 direct drainage basin, divided into western and Mahanadi Delta catchment areas, and sea water from the Bay of Bengal. The western catchment includes flows from 47 small non-perennial streams discharging along the north-western lake margin, and discharge from islands and the coastal strip. The streams drain 1560 km 2 of alluvial land with small hills mostly at elevations between 30 an 150 m a.m.s.l. and a portion of eastern ghats (up to an altitude of 600 m a.m.s.l.). Inflows from the Mahanadi Delta are the runoff and irrigation drainage from 2250 km 2 received through the Daya, Bhargabi and Nuna distributaries of the Mahanadi River. Inflows from the Bay of Bengal are received through the mouth at Magarmukh and the Palur Canal. During 1999-2007, the Mahanadi River distributaries accounted for 77% of the total freshwater surface flows and 75% of the total suspended solids into Chilika. Fig. 3 Chilika Lake, its direct drainage basin and communities living in and around the lake. Lake Chilika is an assemblage of shallow to very shallow marine, brackish and freshwater ecosystems exhibiting high biodiversity and harbouring several endangered and endemic species. Chilika is one of only two lagoons in the world that support Irrawaddy Dolphin (Orcaella brevirostris) populations, and it commonly provides winter habitat for over one million migratory birds. It has a rich flora of 726 angiosperm species, including several of economic value (Pattnaik 2003) . Salinity is the most dominant factor determining the lake's ecological character, the dynamics of which are controlled jointly by the nature of the connection to the sea, associated tidal fluctuations and the volume and timing of freshwater inflows to the lagoon from the delta distributaries and western catchments. As more than 70% of the fish stock in the lake is dependent on recruitment of juveniles from the sea during winter, the spawning migration cues created due to the spatiotemporal salinity gradient play a critical role in maintenance of lake fisheries. Freshwater flowing from the delta distributaries to the northern sector reduces the salinity gradient towards the outer channel, allowing oligohaline organisms to gradually replace polyhaline and mesohaline organisms. Slow reduction in marine salinity in the outer channel stimulates many catadromous brackish water fishes (particularly flathead mullets Mugil cephalus and large scale mullets Liza microlepis) to migrate to the sea for gonadal development and breeding (CDA 2005) .
Livelihood systems within the Chilika basin evolved according to the ecological character of the wetland system. The diverse and dynamic assemblage of fish, invertebrate and crustacean species found within Chilika provides the basis of a rich fishery that supports over 200 000 local fisherfolk and generates over 6% of the Orissa state's international export revenue. The shoreline of Chilika is dotted with 141 villages of fishers, belonging to seven major sub-castes (Mitra and Mohapatra 1957) . The majority of these belong to the lowest strata of society and the poorest of the poor. Over generations, Chilika fishers evolved a complex system of resource partitioning, whereby access by each fisher group was based on the species caught (Sekar 2007) . The norms included setting spatial limits (which places to fish), temporal limits (seasonality), gear restrictions (what harvesting gear may be used), and physical limits (what sizes of fish may be caught). These were traditionally set and were even exchanged during periods of scarcity and calamities (ibid.). Each fisher village had an organization called "desh" responsible for settling disputes, administering common property resources and organizing collective fishing for communal purposes (Samal and Meher 2003) .
The lake is also inextricably linked to the local culture and belief systems. Based on its rich biodiversity and socio-economic importance, Chilika was designated in 1981 as a Wetland of International Importance under the Ramsar Convention by the Government of India. Nalabana, a low, flat, marshy island of 15.53 km 2 , was designated as a wildlife sanctuary in 1987 considering its unique features as habitat for avifauna and nursery ground for fishes.
Linkages with external environment-vulnerability contexts
The wetland setting was subject to two major humaninduced changes, i.e. channelization of the Mahanadi Delta and introduction of prawn culture. Acting with drivers of population growth and economic development, these brought about significant changes in wetland ecological character and thereby dependant livelihood systems.
Channelization of the Mahanadi flows
The Mahanadi Delta was a flood-dependant system and agriculture benefitted through the natural exchange of water and nutrient-rich silt and sediments (D'Souza 2002) . The delta was subject to intensive hydrological regulation primarily during the colonial rule of the 18th century. The dynamic fluvial environment of the delta was constrained by embankments and other hydraulic structures to provide a regulated water supply to irrigated fields and thereby ensure revenue. In 1957, the Hirakud Dam project was constructed on the Mahanadi River for hydropower generation and became a major sediment trap for an intercepted catchment area of 83 500 km 2 . Weirs were constructed at the head of the Mahanadi Delta to capture the downstream hydropower water release and to irrigate 1.36 × 10 6 ha. Subsequently, the Bhargabi and Daya distributaries were embanked to Chilika as a flood preventive measure in irrigated areas (Das and Jena 2008) .
Introduction of prawn culture
In 1984/85 prawn culture was introduced to Chilika as part of a supplementary income programme for low-income families titled "Economic Rehabilitation of Rural Poor" (Mohanty 1988) . Nearly, 120 ha of land on the shores of Chilika were allotted to households for shrimp culture, with each beneficiary household entitled to 0.2 ha of excavated shrimp culture tank. Economic factors contributing to the high economic profitability of shrimp farming included the devaluation of the Indian Rupee (Rs) in 1991, and the development of export markets. The value of shrimp increased from Rs 35/kg (approx. US$ 0.76 in 1980) to Rs 550/kg (approx. US$ 12 in 2001) . Trade liberalization further expanded opportunities and export potential of shrimp farming (Shimpei and Shaw 2009) .
Changes in the hydrological regimes in the catchments in conjunction with coastal processes led to significant consequences for the ecological character of Lake Chilika, particularly leading to predominance of freshwater characteristics. Channelization of floodplains and creation of new agriculture areas mobilized soil transport and increased the overall sedimentation of the lake (Das and Jena 2008) . Lake substrate cores confirmed that 76% of the sedimentation occurred after the 1950s with conspicuous increasing trends since then (CWRDM 2005) . These changes, coupled with decreasing forest cover in the direct catchments (from nearly 1200 km 2 in 1955 to 738 km 2 in 2008) and northward littoral sediment drift, led to the blockage of the channel entrance from the Bay of Bengal. Introduction of prawn culture, gheries and bund fishery further interfered with free sediment flow. Average salinity within the lake was reduced from 13.2 ppt (parts per thousand) in 1960/61 (Jhingran and Natarajan 1966) to 1.4-6.3 ppt in 1995 (Banerjee et al. 1998) . Lack of connectivity with the sea was one of the major factors leading to a decline in fisheries, with a drop in annual average landing from 8.6 × 10 6 to 1.702 × 10 6 kg between 1985/86 and 1998/99 (Mohapatra et al. 2007 ). The area under weeds increased from 20 km 2 in 1972 to 523 km 2 in October 2000 (WISA 2004 ). The associated decline in ecosystem components and processes led to inclusion of Chilika in the Ramsar Convention's Montreaux Record in 1993 (a list of Wetlands of International Importance where changes in ecological character have occurred, are occurring, or are likely to occur).
Changes in institutions and freedoms
Introduction of shrimp culture, as well as overall decline in fisheries, brought about changes in institutions and freedoms of the fisher communities. The traditional caste-occupation relationships broke down with the introduction of new fishing gear and increased profitability through prawn farming.
Introduction of nylon nets and mechanized boats in the 1970s posed a major challenge to the traditional crafts and gear of fishers, enabling higher catch per unit effort and enhanced capability to cover additional fishing grounds per fishing excursion. The economic return to be generated by prawn aquaculture led to a massive influx of individuals from the farming communities into this fishery, and even attracted the interest of investors from outside the basin (Pattanaik 2008) . Due to the low agricultural productivity of soils in the coastal tracts, many individuals from the farming communities also took up fishing as a livelihood strategy (Samal 2002) . This led to both occupational displacement and loss of fishing grounds by the traditional fishing communities, and resentment between traditional fishers and the immigrants, described by the fishers as ana-matsyajibi or non-fishers (Dujovny 2009 ).
Chilika fisheries gradually converted from a "community-managed fishery" to "contestedcommon", wherein non-fishers gradually exerted pressure for more fishing rights. In 1990, the nonfishers' petition in the Orissa High Court challenging the traditional rights to fishing grounds held by fishers resulted in direction by the court to abolish the traditional system, and re-allocate fishing grounds to fishers and non-fishers in a ratio of 60:40 (Ghosh et al. 2006) . This decision was challenged by traditional fishers demanding a review of the judgement. The fact-finding committee established in response by the government recognized the prevalence of a coercive culture fishing structure which impinged on the rights of traditional fishers, yet reiterated that the livelihood needs of non-fishers also needed to be addressed by the fisheries policy. Following a public interest petition challenging the prawn culture on environmental grounds, the Supreme Court banned all aquaculture within 1000 m of the lake. This officially ended aquaculture, but illegal prawn culture continues along more than 60% of the shoreline (2009 satellite images) especially in the southern sector and on islands.
Livelihood strategies
Changes in vulnerability contexts, wetland settings and institutions and freedoms have affected livelihood strategies. The traditional livelihood systems that were harmonized with the wetland's ecological character gave way to a complex, profit-and rent-seeking system within the fisher, as well as agrarian, communities. Primary Fishermen Cooperative Societies (PFCSs), created as a mechanism to ensure community organized fishing, could not raise sufficient capital to engage in aquaculture. Their response was to sub-let these rights to more capital-affluent non-fishers. A complex trade chain emerged, comprising three major segments-the fishers, commission agents and mahajans (dominant group of middlemen in Chilika). To procure fish and prawn more effectively and efficiently from the fishers, mahajans negotiated informal marketing contracts with commission agents, providing an interest-free financial loan in return for delivery of their entire future catch to them. Commission agents entered into similar agreements with the fishers, thereby creating a nexus of informal loan finance between the three tiers (Shimpei and Shaw 2009 ). The fishers were positioned within a complex of debt financed capitals that gave very limited scope for promoting ecosystem stewardship.
Similarly, the delta livelihood landscape changed from flood-dependant to flood-vulnerable (D'Souza 2002) . Extensive water-logging in the agricultural lands severely affected agricultural productivity. The potentially high economic return from prawn culture, coupled with the failure of agricultural crops, prompted several communities to initiate aquaculture in the delta region, although with limited success. Increasing soil salinity resulted in conflict between the aquaculturists and traditional agricultural farmers. The spread of white spot disease nearly wiped-out aquaculture from the delta region, leaving behind abandoned ponds at several locations.
Human well-being outcomes
The effects on overall human well-being that occurred over several centuries, brought about by direct and indirect drivers of change impacting livelihood outcomes, are considered to be highly detrimental for the traditional fisher and agrarian communities on several measures. Coping mechanisms (internal sustainability) of the fishers were negatively impacted due to high dependence on middlemen for capital. The shift that occurred in livelihood strategies of non-traditional fishers infringed on both the resource base and capital available to traditional fishers, leading to increased conflict (social sustainability). Shifts in the ecological character (ecological sustainability) of the lake resulting from sedimentation and salinity changes resulted in changes in ecosystem services, e.g. reduced fish catches, deemed to be negative to well being, particularly in terms of ensuring necessary material for good life and health.
Responses
Policy changes, beginning with channelization in the 18th century, shifted the outcomes within the ecological character-poverty-well-being axis for fishers from a "win-win" scenario clockwise into deteriorating ecological character and finally into increased poverty/diminished well being and degraded ecological character (refer Section 2.4, Fig. 1) . The changes in the ecological character of the lake and deteriorating ecosystem services, particularly the fisheries, increasing community conflict between fishers and non-fishers, and a breakdown in community stewardship organizationally and operationally prompted the Orissa State government to intervene. The Chilika Development Authority (CDA) was created in 1992 to undertake programmes and effect policy changes that would lead to restoration of the ecosystem and affect livelihood outcomes. A key component of the response strategy was a major hydrological intervention in 2000 by opening a new mouth to the Bay of Bengal, and thereby restoring the lagoon-sea connectivity. These were followed by measures for catchment conservation, sustainable fisheries development, capacity building at multiple levels, ecotourism development and community awareness generation. A detailed description of the response strategies is outside the scope of the current paper (see http://www.chilika.org for further information). This section examines the extent to which the interventions have been able to influence ecological character and the poverty status of the communities. The analysis is used to assess the intervention strategies that need to be adopted to move the process outcome to the win-win quadrant of the povertyecological character matrix.
Implications for ecological character
As noted above, the decrease in salinity had a major impact on the fisheries, and restoration of marine flow by opening a new channel to the Bay of Bengal in 2000 restored the hydrological regimes and reestablished salinity regimes (Ghosh et al. 2006 ). Recovery of the fisheries and biodiversity was rapid. Within four years there was a near six-fold increase in landings and four-fold increase in average productivity, and 56 new species records of fish and shell fish (Mohapatra et al. 2007) . Annual censuses by CDA of Irrawady Dolphins within Chilika reported an increase from 89 to 158 individuals between 2003 and 2010, an increase in habitat use, and improved breeding, dispersal and decline in mortality rates (CDA and WISA 2010). Panigrahi (2006) has reported the reappearance of 35 algal species post intervention. The sea grass meadows expanded from 20 km 2 in 2000 to 80 km 2 at present. There has also been a noticeable decline in area under weeds (ibid.). Based on the positive changes noticed in the ecological character, the Ministry of Environment and Forests requested the Ramsar Convention for removal of the site from Montreux Record. Following an advisory mission in December 2001, the site was delisted and the intervention recognized with the Ramsar Wetland Conservation Award and Evian Special Prize for "wetland conservation and management initiatives" (Ramsar 2008) . Improvement of Chilika habitat, in particular the increase in dolphins, has led to a resurgence of wetland tourism, which had dwindled due to degradation. The annual number of tourists visiting the wetland during 2000-2006 averaged 378 370-an increase of over 60% as compared to arrivals during 1994-1999.
The indicators described above indicate a positive change in several ecological components (e.g. habitat quality for several forms of biodiversity, water regime, water quality, tidal flux), ecosystem processes (fin fish and shellfish migration) and services (e.g. provisioning of fish, tourism opportunities, cultural values). It can be reasonably concluded from the above that the intervention strategies shifted the wetland ecosystem beyond the threshold of unacceptable change in ecological character, interpreted as an upward movement from the bottom-left quadrant of Fig. 1 .
Implications for poverty
Evaluation of the impact of interventions on poverty status is based on comparison of selected socio-economic parameters for fisher communities (Table 3) . These parameters are derived from two socio-economic surveys commissioned in 1999 (Samal and Meher 2003 (JICA 2009 ). The 1999 survey covered 226 fisher households from 30 fisher villages, selected through a two-stage sampling process. The 2007 survey was much wider in scope, and covered 5612 fishers from 103 villages. This survey was carried out as a part of the formulation of fisheries resource management plan project implemented by the Japan International Cooperation Agency and CDA.
According to the monitoring records of the CDA, the average annual fish landing for Chilika for 2002-2007 was 12.077 × 10 6 kg, of which fish, prawns and crabs comprised 67.7, 31.1 and 1.2%, respectively (Table 4) . At 2008 prices, the Samal and Meher (2003) . The data from two surveys show that, the fisher household population and the number of active fishers, increased by 35 and 22%, respectively, between 1999 and 2007 . The number of fishing boats in this period also increased by 20%, with much of the increase in mechanized boats as compared to non-mechanized traditional boats. The number of fish landing centres also increased from 12 to 18. Increased fish landing is reflected in a 277% increase in average annual fish catch per boat and 382% increase in fish catch per active fisher. These statistics are in line with overall population trends in the region and increased productivity of the wetland system.
From 1999 to 2007, fish landings increased by 609%, whereas per capita income at current princes increased by 34%. There has been nearly no impact on the pattern of indebtedness, as 85% of the fisher households report to be in debt, primarily through informal sectors. The average household debt at current prices increased by 85% during this period. The dependence on fisheries as a single source of income has declined over the period, with currently 42% of the households deriving incomes from other sources, as compared to nearly nil in the past. These indicators suggest that the major increase in fish catch did not translate into similar or even near similar increase in incomes or change in credit status. Information on access to basic amenities indicates that the fishers continue to be much below the state averages. From the survey conducted in 2007, fishers had a literacy rate of 42% (compared to the state average of 63%), and access to safe sanitation and drinking water facilities stood at 14.75 and 14.6%, respectively.
Assessing the distributional aspect of value generation in the fisheries sector in Chilika helps to shed some light on the relative inelasticity of fishers' incomes related to increasing fish catch. Trade in Chilika fisheries takes place through a chain of national and international markets: four broad segments exist, of which three are domestic (in and around Chilika, within Orissa State and outside Orissa State) and one international. As per the data from 2003-2004, only 35% of the total fish landing is consumed locally around Chilika, 12% within the state, 42% outside the state and 10% within international markets. Export to international markets (primarily of prawns) contributes 22% of the total value. On average, 38% of the addition to value of the catch takes place beyond the landing centres, and the fishers do not participate or receive a share in this.
The proportionate share of value increases as the trade chain concentrates towards the higher end.
Under the present structure, more than 90% of the total catch of 33 300 fishers is channelized through 500 middlemen and 800 local traders. Due to the very limited presence of formal credit institutions and a weak asset base, the fishermen are forced to take loans and advances from the middlemen at higher rates of interest, along with a precondition to sell the entire catch at prices determined by the latter that are 10-12% lower than the market prices. At the same time, the purchase from the fishers is through a biased weights and measures system (the middlemen recording lower weights of the catch to the fishers) that leads to further reduction in catch value by 15-18%. Through this process, the fishers lose about 30-32% of the catch value and end up paying a return in excess of 80-100% per annum on the loan amount (as compared to institutional rates of less than 10%). Spreading this over a comparatively larger population means a comparatively smaller increase in incomes, and thereby inability to beat the vicious credit trap.
Although the indicators summarized above do not fully represent the multi-dimensional aspects of poverty (with critically missing assessments on health and nutritional status, asset ownership, genderdifferentiated income, participation levels, etc.), they strongly indicate a relatively lower change in poverty status of fisher communities compared to the degree of change achieved in ecological character. However, these indicators do not suggest deepening or aggravation of poverty status either. The existing market structure and changing political dimension of resource sharing has led to the major proportion of benefits being transferred to the higher end of the market chain (primarily the middlemen and traders). Thus, it can be concluded that the interventions to date have been able to shift the state of the wetland to the top-left quadrant, indicating improvement in ecological character with limited change in well-being status. Table 5 summarizes the application of various framework elements to Chilika, and an evaluation of the framework performance.
In view of these lessons, the Chilika Development Authority has introduced several new measures that aim to increase the relevance of wetland management in the changed scenario. It is in the advanced stages of introducing a regulation of harmful fishing practices that sets exemplary punishment and disincentives for any form of fishing detrimental to the ecosystem. It has also simultaneously invested in rejuvenation of the PFCSs through a targeted programme to increase their capability to undertake and implement "responsible fishing". The component is able to link multiple drivers to ecological character changes without leading to a cause-effect relationship between ecological and social processes.
Institutions and freedoms
Explains the changes in occupation and political structures within the communities. Also highlights the conflicts between the user groups due to declining resource base and increasing competition.
The component brings to fore factors internal to livelihood systems that create an internal vulnerability context by conditioning the ability of communities to deploy capitals, including wetland ecosystem services.
Livelihood strategies
Explains the factors which limited and conditioned deployment of livelihood capitals by the fishers.
The component brings into focus capabilities (defined by the institutions and freedoms) which finally shape the livelihood strategies, and not merely capitals. Key point being made is that presence of capitals would not automatically ensure their optimal use for livelihood outcomes. Human well-being outcomes Assesses the livelihood outcomes on internal, social and ecological parameters.
Provides a means for testing the sustainability of the well-being outcomes, and also creating rationale for revising various components of the socio-ecological system to move towards sustainability.
The ambit of this programme includes marketing and value addition, and aims to rationalize the current market structure to provide positive incentives for resource stewardship. Similarly, programmes to promote sustainable tourism have also been introduced. Finally, an integrated management plan is being formulated which would lay down the contours of wise use and poverty alleviation within Chilika basin.
CONCLUSION
The paper presents a general framework for assessing wetlands-poverty inter-linkages, building on elements drawn from the poverty, natural resources and human well-being literature. The framework proposes a pathway for linking the ecological character of wetlands to human well-being using wetlands as a setting for interaction. Vulnerabilities in the external environment shape these interlinkages, whilst institutions and freedoms govern the capability of the livelihood system to deploy assets (including wetland ecosystem services) for livelihood strategies. The internal, ecological and social sustainability conditions define the overall sustainability of these inter-linkages in the context of human well being. Learning and adaptation feedbacks, operating at multiple scales, enable the stakeholders in the "setting" to continually strive to better address sustainability concerns. The poverty-ecological character matrix provides a framework to assess the policy pathway in terms of its performance towards achieving a "winwin" outcome and also be able to indicate the inherent trade-offs in delivery of ecosystem services as a mechanism of poverty reduction. A nested socio-ecological systems perspective forms the foundation of the proposed assessment framework. The social construct of the ecological character of wetlands reflects how the ecosystem components, processes and services stand influenced and modified by the ways human societies are linked to wetlands, choices and trade-offs they make and governance systems that influence their behaviour. This position is in line with an increasing body of research and practice that sees natural resources embedded in complex, socio-ecological systems (for example see Ostrom 2009, Walker and Salt 2006) .
The value of this framework is demonstrated through application to the case of Chilika Lake. The framework captures the dynamics of change in ecological character in relationship with the poverty status of wetland-dependent communities. The shifts in socio-political contexts concurrent with external vulnerability contexts are captured along with the ecosystem changes, enabling a holistic view of the issue. The evaluation of the response strategies in terms of their achieving improvements in ecological character and poverty status is illuminating. It provides an insight into the reasons why interventions aimed at restoration of ecological character cannot automatically ensure reduction in poverty levels. It also provides an example for enhancing the ambit of wetland management to include investments in "social engineering" addressing issues of equity, access, capability and livelihood sustainability of dependent communities.
The case study application also brings to the fore the need for a temporal analysis of livelihood systems-differentiated data sets on poverty characteristics and information on ecological character change for a fuller application of the policy-evaluation matrix. Further work is also required on the ways to capture multiple dimensions for the ecological and livelihood data sets through a system of single or multiple indices. For ecological character, the limit of acceptable change could be defined by a single or several ecological components, processes and service elements. Similarly, the shift from the ill-being to the well-being state could happen along any or all of the constituents. Further operation of this framework would require development of suitable metrics to capture change.
Finally, we argue for a stronger and deeper collaboration between development sectors and wetland managers to achieve wise use of wetlands and poverty alleviation. The conventional tools of wetland assessment need to be broadened for assessing livelihood systems and ecosystem services interactions at various hierarchical scales. The domain of management planning also needs to include adequate interventions to address poverty within wetlands, at least to ensure that vicious cycles do not accentuate or exacerbate wetland degradation, and, wherever possible, synergies are created to promote local stakeholder-led ecosystem stewardship.
